Modern portfolio theory claims that diversification into non-correlated or negatively correlated
Introduction
Interest income is considered as the main source of revenue for banks. However, banks do diversify their business into non-interest income category to enhance their income and to reduce the overall risk. This study explores the same in Indian context which is one of the largest bank-based economies. In addition to interest income, Indian banks also make money from activities like a commission, brokerage, dividends, trading (treasury) and so on. Broadly incomes of banks can be categorized into fund-based income and fee-based income. Figure 1 graphically represents the same. Income sources like trading (Treasury) based on stock markets are more rewarding, but at the same time, these sources are riskier than income sources such as commission or brokerage.
Our study suggests that Indian Banks are not so diversified. For instance, the non-interest income of Indian banks ranges from 2% to 37.7%. Interestingly, in comparison to Indian private sector banks whose share of non-interest income is in the range of 5.45% to 37.73% (average 14.62%), Indian public sector banks are even less diversified whose non-interest income accounts for mere 2% to 24.8% ( average 11.12%) of their total revenue. On the contrary, the proportion of noninterest income for US banks ranges from 2.2% to 98.4% (average 23.9). Deyoung and Rice (2004) noted that "rebalancing bank income away from interest income and toward noninterest activities and fee income would make banking companies less risky." They further argue that reducing "interest income-with its sensitivity to the unpredictable movements in interest rates and the business cycle-would reduce the volatility of bank income and expanding into nontraditional fee-based activities would yield risk-reducing benefits of diversification".
In sync with the above, modern portfolio theory also suggests that the total risk of the portfolio can be reduced by diversifying the portfolio into relatively unrelated activities. It is important to note that the variance of the portfolio not only depends on the individual variance of the components but also on the covariance among components of the portfolio. Thus, preferably a portfolio component should not be correlated or ideally should be negatively correlated.
Consequently, having non-interest income in the portfolio should reduce the overall variance of the banks if this non-interest income is negatively correlated with the interest income. Hence, this study investigates how the variance of interest income and non-interest income, and co-variances between interest income and non-interest income impact the return, total risk, idiosyncratic and market risk of banks in the Indian context Our empirical evidence suggests that even though non-interest income is correlated with interest income, still non-interest income can stabilize the total variance and idiosyncratic risk of banks significantly. Moreover, non-interest income is also helping in stabilizing the market beta of banks. The financial system of a country can be broadly categorized into two types namely, bank-based system and market-based system. Countries like Germany and Japan follow a bank-based system, whereas Anglo Saxon countries such as and the U.S. and U.K. follow a market-based system. In bank-based economy, the primary mode of financial resource mobilization is the banking sector.
On the contrary, in a market-based economy equity markets play a dominant role in financial resource mobilization. Large bank-dominated financial systems of India play a crucial role for the corporate sector. Thus, by this classification, India is one of the leading bank-based economies.
Indian banking sector consists of different type of institutions that cater to need of various stakeholders. In India small-scale credit cooperative banks, regional rural banks and local area banks also play a crucial role in the economy, in addition to large-scale Public sector banks (which accounts a whopping 73% of total assets of the entire banking sector as on March 2012), Private sector banks, and Private (Foreign banks) in India.
Two prevalent models of banking are commercial banking and investment banking. Universal banking is a combination of these two banking models in different proportions. There is a common consensus that universal banking will provide the largest economic benefits in a rapidly growing economy, such as India, in addition to diversification of business lines, innovations in risk management and market-based pricing of risks. Universal banking can efficiently work under three different regulatory environments. a). Complete integration -most of the European countries follow this structure. b). Parent bank (or a holding entity/bank) with non-bank operating subsidiaries-most of the Indian banks will come under this category. The literature on income diversification mainly focuses on accounting measures of performance and risks, which are captured through Return on Equity, Return on Asset and the standard deviation of these performance measures (to capture the risk). One of the earliest works by Wall (1987) didn't find any significant relationship between nonbanking activities and banking organization's risk. This study considered the data of US bank holding companies from 1976 to 1984 and concluded that non-banking activities might decrease risk. Similarly, another longitudinal study (from 1976 to 1985) by Kwast (1989) used portfolio theory to investigate the potential for diversification gains from bank's securities and non-securities activity and found some potential for diversification gain. In sync with this, Gallo et al. (1996) also found, specifically in the case of mutual fund activity for the period 1987 to 1994 for bank holding companies, that mutual fund activity increases the profitability of the banks and at the same time also moderated the systematic industry risk during the sample period. Demsetz and Strahan (1997) argued in their paper that bigger bank holding firms are more diversified but riskier, and the reason for the same can be lower capital ratios and a large proportion of risky loans in a portfolio like commercial and industrial loans to assets. Similarly, Uzun and Webb (2007) considered quarterly data of 112 USA banks to study the impact of securitization on risk. They found that bank size is a significant determinant of securitization, and the extent of overall securitization is negatively related to the bank's capital ratio. In sync with this, Jiangli and Pritsker (2008) also found similar results for securitization. They noticed that mortgage securitization reduces insolvency risk but increases leverage and bank profitability. Similarly, Allen and Jagtiani (2000) examined the potential benefits of diversification from nonbank activities. Allen and Jagtiani (2000) concluded that securities underwriting if allowed, will expose the banks to greater market risk as well as interest rate risk. However, insurance activities have no significant impact on market risk, and it reduces the firm's exposure to market risk. In short, this study recommends that diversification will only make sense if the gains from synergies and demand effects are powerful enough to overcome the disadvantages of systematic risk exposure.
Stiroh (2004) assesses potential diversification benefits in the USA banking industry, and noted that at the aggregate level, declining volatility of net operating revenue reflects the reduced volatility of net interest income, rather than diversification benefits from noninterest income, which is quite volatile and highly correlated with net interest income. This study also found that 6 greater reliance on noninterest income, particularly trading revenue, is associated with higher risk and lower profits. However, a recent study by Ahamed (2017) , which has considered commercial Banks in India for the period 1998 to 2014, found that income diversification resulted in higher risk-adjusted returns for these banks. Similarly, another study in the Indian context from 2001 to 2009 by Pennathur et al., (2012) observed that fee-based income significantly reduced the risk for Indian banks.
Demirguc-Kunt and Huizinga (2010) found that noninterest income generating activities like trading activities increases the rate of return on asset, and offers risk diversification benefits at a very low level. On the other hand, non-deposit and wholesale funding lowers the rate of return on assets and some risk reduction at a low level of non-deposit funding. This study, based on 1334
banks from 101 countries provides evidence that overall, banking strategies that rely predominately on generating noninterest income or attracting non-deposit funding are very risky.
DeYoung and Roland (2001) constructed a degree-of-total-leverage framework to test whether and how shifts in product-mix affect earnings volatility for 472 commercial banks from the United
States between 1988 and 1995. This framework, linked earnings volatility to revenue volatility, expense fixity, and product mix. This study also found that replacing traditional lending activities with fee-based activities -a trend which might get strengthened by financial modernization --is associated with both higher revenue volatility and higher total leverage, subsequently, higher earnings volatility. An interesting study by DeJonghe (2010) has analyzed the relationship between diversification and the bank's ability to withstand a banking sector crash. In this study, systemic banking risk is measured as the tail beta, which equals the probability of a sharp decline in a bank's stock price conditional on a crash in a banking index. Subsequently, the impact of (the correlation between) interest income and the components of non-interest income on this risk measure is assessed. This paper concluded that smaller banks and better-capitalized banks are better able to withstand extremely adverse conditions.
There are handful of studies which considered market-based measures. For instance, Templeton and Severiens (1992) considered three market-based risk measures, i.e., the variance of shareholder returns, beta and the interest rate coefficient as the dependent variable and nonbank diversification as the independent variable. This longitudinal study (from 1979 to 1986 that there is hardly any study from emerging markets. Thus, this paper attempts to investigate that whether noninterest income adds to diversification benefits or not in the context of an emerging economy. We set our study in India, which is highly regulated and regulators restrict the entry of new players, to probe our research question.
Data and Methodology
We set our study in India. We have extracted weekly data of all Public and Private sector bank -Log of assets to control for the size of the bank because larger banks are diversified geographywise, product-wise as well as customer-wise than smaller banks -Equity/Assets -to control the capital structure because the leverage ratio magnifies the change in performance (Hamada, 1972) and market-based risk measures Ferreira and Laux (2007) argue that the R 2 of an equation gives the proportion of the variance explained by the market forces, i.e., systematic factors, therefore, (1-R 2 ) represent the idiosyncratic part of the overall risk. We measure stock returns as follows:
Here, Stock_Returnsit is the return of the i th stock in the t th week. We consider the NSE 50 index as the market index. We use OLS to estimate the coefficients of this model. This procedure gives the proportion of the total variance which is not explained by the market forces for each year, i.e., idiosyncratic volatility. In the second step, we use (1-R 2 ) from Eq (1) as the dependent variable and regress it on Bank diversification. Following Stiroh (2006), we have followed the portfolio approach for income diversification. Table 2 presents the results of Bank Return Regression. To avoid multicollinearity, the proportion of non-interest income was only considered. Model M1 is regressing proportion of noninterest income on annual bank return (i.e., an average of weekly stock returns for each year and each of the banks), and we note that even though the coefficient of interest proportion is positive, but the constant is negative and insignificant with a very low R 2 . We control for the asset size and leverage (equity/ Asset) in M2 and note that the constant turns positive and significant with a minor improvement in R 2 . With year effect in M3, R 2 has significantly improved from 0.04 to 0.32, but coefficients turned insignificant. In brief, the larger the bank in asset size, lower the average market return, however, when controlled for the year effects, this relation does not exist. It is important to note, in Table 3 , that our explanatory variables, such as quadratic terms and interaction variables, are highly correlated. Hence, using linear regression over this equation will
Empirical Results

Table 2: Bank Return Regression
We have operationalized the expected return as follows: (E(R) = α + E (RI) ·w + E (RNI) · (1 -w) Where E(R) is the expected return, and it is a function of expected return on interest Income (E (RI)) multiplied by the proportion of interest income in total income plus Expected return of non-interest income (E (RNI)) multiplied by the proportion of non-interest income in total income
give weak results. Multicollinearity leads to the problem of overfitting and numerical instability.
Thus, we run the models for Ridge, Lasso and Elastics Net regression to avoid the problem of multicollinearity and overfitting. We have used 10-fold cross-validation techniques to get optimal value of tuning parameters in our Ridge, Lasso and Elastics Net (RLEN) regression model (which is a convex combination of Ridge and the Lasso). The evaluation of different regression methods has been done by comparing RMSE and R 2 .
Ridge, Lasso, and Elastic Net Regression are the techniques for analyzing multiple regression data with multicollinearity. When multicollinearity is there, ordinary least squares (OLS) estimates are unbiased, but their variances are large, so OLS models are not appropriate. However, by adding a degree of bias to the regression estimates, RLEN regression model reduces the standard errors.
Prior studies noted that RLEN regression techniques give estimates that are more reliable (Khalaf and Shukur 2005 , Muniz and Kibria 2009 , Tibshirani 1996 .
Lasso regression is a type of linear regression that uses shrinkage. Shrinkage is where data values are shrunk towards a central point, like the mean. The Lasso procedure encourages simple, sparse models (i.e., models with fewer parameters). This particular type of regression is well-suited for models showing high levels of multicollinearity. The Elastic Net regression is a regularized regression method that linearly combines the L1 and L2 penalties of the lasso and ridge methods (Hans, 2011) . Table 3 and 4 present the results for determinants of total variance and residual variance. Table 3 & Table 4 (***, **,* implies significance at the 1%, 5% and 10% respectively) M1 in Table 3 (Part 1) shows the contribution of interest income variance, non-interest income variance and covariance of interest income and non-interest income variance to the total variance of stock returns. Output in Table 3 (Part 1), M1 shows that covariance of interest income and noninterest income is adding significantly to the total variance. However, the coefficient for noninterest income and interest income variance is negative but insignificant. When controlled for size effect and the leverage effect in M2, the coefficient of variance for non-interest income and covariance's increases in size from -239.75 to -328.15 and 53.59 to 76 respectively. In M3, when controlled for year effect it is the only variance for interest income, and the covariance coefficient that adds to total variance significantly and non-interest income is reducing the variance. As Table   3 shows, when controlled for year, size and leverage are negatively related to bank variance in M3 reports the R 2 of 0.41 but is dropping the covariance term.
In part 4, we have used the traditional method of dealing with multicollinearity by suppressing the constant term (following Stiroh, 2006) . We found an unusually high value for R 2, i.e. from 0.74 to 0.86. If we compare the four types of regression output, the ridge regression gives an efficient result, keeping all the variables and putting R 2 0.39 and RMSE 22.2 (Part 1, M3). Table 4 shows the contribution of interest income variance, non-interest income variance, and covariance of interest income, and non-interest income variance to residual variance (i.e., 1-R 2 from Eq. 1) of stock returns. In Table 4 
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Discussion
Prior studies noted that there is a mix of evidence not only from different markets but also for different banking products (Saunders and Walter, 1994) . The story is broadly similar in the Indian context. As we mentioned earlier, Indian banks operate under strict regulatory guidelines from the Reserve Bank of India. So, Indian banking sector is characterized by entry restriction, priority sector lending, and so on. It is worth remembering that we noted that most Indian banks are less diversified with a significant low share of non-interest income share in comparison to banks from the United States.
We find that unlike U.S. Banks, non-interest income is stabilizing the variance, idiosyncratic risk and Beta of banks with no significant impact on returns. One potential reason can be the diversification level of Indian Banks. As noted by Stiroh (2006) that banks do benefit from diversification when noninterest income share is in the range of 18% to 27%. It is worth noting that banks from the United States are already well diversified and their average level is much higher than this range. So, they fail to create value, but Indian banks with a low level of diversification can create value by diversifying their source of income. This confirms the corporate finance literature which says that a moderate level of diversification creates value, but overdiversification destroys value.
Furthermore, we also note that based on the aggregate proportion of non-interest income, the contribution of non-interest income is positively adding to a market return of a bank's stock.
However, after adding a year dummy, the contribution becomes insignificant, but still, the coefficient remains positive. Thus, it can be concluded from our study that non-interest income is playing a significant and stabilizing role for systematic risk of Indian banks. When markets are becoming more interlinked, then each unit of systematic risk become potentially more costly (Allen and Jagtiani 2000) .
To sum up, our overall findings are in sync with earlier studies (such as Ahamed 2017; Pennathur et al., 2012) . Findings from our robust statistical techniques convey that ensuring non-interest income helps the banking sector to stabilize. This study can be extended further by linking not only income-diversification with variance, but also the composition of the loan portfolio, i.e.
deposit vis-a-vis non-deposit funding also with variance, as risk and return does not only depend
